Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
U.S. Army Medical Research and Materiel Command Fort Detrick, Maryland 21702-5012

SPONSOR/MONITOR'S REPORT NUMBER(S)
DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited
SUPPLEMENTARY NOTES
ABSTRACT
During the last year of the project, we have carried out the proteomic analysis of epidermal extracts from the NF-1 null and wild type skin. This analysis validated the results obtained when using extracts from cultured keratinocytes for the interacting partners of NF-1. Initial experiments using lysates from primary mouse keratinocytes cultured in vivo from both wild type and knockout mice further confirmed the interactions suggested by the proteomic analyses. In relation to the development of psoriasis-like symptoms in the NF1 null epidermis, we analyzed NF1 expression in a mouse model of psoriasis (imiquimod-induced psoriasis-like skin inflammation) and documented a decrease in NF1 expression levels. Consequently, we have obtained in vivo data from multiple systems supporting our use of the conditional knockout of epidermal NF1 to elucidate the molecular underpinnings of psoriasis.
SUBJECT TERMS
neurofibromin-1 (NF1), psoriasis, inflammation, skin 
Introduction
The loss of murine homolog NF1 in mice leads to embryonic lethality at E13.5 because of abnormal cardiac development. Thus, to study the function of NF1 in a somatic tissue such as the epidermis, we generated epidermal knockout mice of NF1 (NF1 cKO) by crossing of mice harboring Nf1 flox alleles with the K14-Cre transgenic mice. The epidermis is a stratified epithelia, and the basal layer is the proliferating layer of the tissue, where the cells maintain the ability of self-renew and facilitate tissue regeneration. Accumulating data demonstrate that constitutively activated Ras leads to hyper-proliferation both in vivo and in vitro. Interestingly, the deletion of NF1 from the basal layer of the epidermis did not cause the hyperplasia of the basal layer as we expected. Instead, we saw the expansion of the spinous layer, which is composed of differentiated keratinocytes. Because microtubules play critical roles in regulating asymmetrical cell division and stratification of epidermis and NF1 localizes to microtubules (MTs) in many cell lines including keratinocytes [16] [17] [18] [19] , NF1 may regulate the MTs and skin stratification. Moreover, 8-month-old NF1 cKO develop a psoriasis related inflammatory response. In both heterozygous and homozygous mice with NF1 mutation, we detected hyperactivation of Ras by immunohistochemistry staining and western blotting of phospho-MAPK (pMAPK), the major down-stream indicator of activated Ras (data not shown). Despite the elevated Ras activity, the epidermal phenotypes were only observed in the knockout but not the heterozygous mice. Thus, the epidermal phenotypes of NF1 cKO cannot be simply explained by different dosage of Ras activity in homozygous and heterozygous NF1 mutant mice. Overall, the loss of NF1 in epidermis provides a unique model system to uncover novel Ras-independent functions of NF1.
Keywords
Neurofibromin-1 (NF1), epidermis, corneodesmin (CDSN), Dihydropyrimidinase-related protein, psoriasis, spindle orientation, microtubules, GAIP-interacting protein C terminus 1
Accomplishments What were the major goals of the project?
The specific aims of this project are: 1. Perform mass spectrometry analysis of NF1 complex in skin extracts to uncover NF1 binding partners under physiological conditions 2. Dissect the role of NF1 in regulating microtubule function through Dpysl2 and Dpysl3. 3. Examine if loss of NF1 in the epidermis results in the malfunction of CDSN and the development of psoriasis-like symptoms.
Investigate if GIPC1 is a potential drug target for Nf1 treatment
What was accomplished under these goals?
The activities, objectives, results and other achievements will be listed according to the specific aims:
1. Uncover NF1 interacting proteins The initial screen of interacting partners of NF1 was performed on cultured mouse keratinocytes. Given the differences between the activity of various proteins in vitro and in vivo, we validated whether the immunoprecipitation of NF1 yields the same interacting partners in a lysate made from whole skin. Solubilization of the skin (and in particular the NF1 containing fraction) required substantial optimization as protein degradation and low yield was a frequent obstacle.
Changes in buffer conditions and detergents helped in overcoming this problem and we were able to isolate enough NF1 complexes to perform mass spectrometry. Initial analysis of the data validates the proteins identified as NF1 interacting partners in cultured keratinocytes. There were other interacting partners identified using whole skin lysates, but at this time we are not sure if this interaction occurs in the epidermal keratinocytes or any of the other cells that populate the skin (such as dermal fibroblasts, sebocytes, nerve cells, and endothelial cells). Optimization of the immunoprecipitation protocol using NF1 antibodies will facilitate our immediate goals of performing the reciprocal precipitation using antibodies against the interacting partner to validate the proteomic data.
2. Role of Dpsyl2 and 3 in NF1 mediated regulation of microtubules The major effort in this aim was focused on generating the mice lacking epidermal NF1 with labeled microtubules (K14-Cre, NF1
fl/fl , K14-EMTB-GFP) and its corresponding control (K14-Cre, NF1
+/fl , K14-EMTB-GFP). The mice are almost ready to analyze to probe the organization of microtubules in vivo in the presence or absence of NF1. Moreover, primary keratinocytes harboring these genotypes will be isolated and cultured to probe the impact of NF1 and Dpsyl 2 & 3 on microtubule organization.
3. Examine if loss of NF1 in the epidermis results in the malfunction of CDSN and the development of psoriasis-like symptoms. The bulk of our efforts over the past year have been focused on this aim. In particular, we have been analyzing the ability of the NF1 conditional knockout mouse to recapitulate the features of psoriasis and thus serve as a model to understand the pathophysiology of this disease. To this end we have analyzed the expression of NF1 in the imiquimod treated mice, which is a well-established mouse model of psoriasis-like skin inflammation. Interestingly, NF1 expression is decreased 50% in the imiquimod treated mice relative to vehicle treated animals ( Figure 1 ). This reduction in NF1 expression is not a generic response to inflammation as a Snail transgenic mouse with robust cutaneous inflammation that serves as a model for the fibrotic skin disease scleroderma does not exhibit any reduction in NF1 mRNA levels ( Figure 2) . Moreover, corneodesmin (CDSN) is also not reduced in the Snail transgenic skin (Figure 3 ), but preliminary data suggests that CDSN is significantly reduced in the NF1 conditional knockout and imiquimod treated skins (data not shown). 
Investigate if GIPC1 is a potential drug target for Nf1 treatment
We have not yet initiated experiments on this aim. Since this aim will follow the workflow of the aims described above, we focused on optimizing these commonly used assays. Now that these assays are reproducible, work on this aim will commence in the upcoming funding year.
What opportunities for training and professional development has the project provided?
The project supported a postdoctoral fellow with aspirations to be on academic research. The project helped the fellow to get trained in various in vitro and in vivo studies such as proteomic analyses and skin explant cultures.
